ABSTRACT
Rice biodiversity is a reservoir of rice genetic resources with allelic variations that have vast potential for future rice breeding. The diversity of food plants consists of crop resources that are created and maintained by the farmers as active components of agroecosystems (Brookfield and Padoch, 1994; Vandermeer et al, 1998) . Though the need for the conservation of rice biodiversity is agreed by all, the origin of the conflicts for dealing with this issue stems from the rules of division and appropriation of the benefits out of the commercial utilization of the rice genetic resources. Rice being the most important staple food in South and South East Asia, the conservation of the rice diversity and utilization of the diversity for rice breeding are directly related to the food security of this heavily populated part of the world.
Considering the immediate need for addressing food problem, green revolution replacement model of agricultural development is still emphasised whereby landraces are displaced by the so called high yielding and fertilizer responsive modern varieties. As the market supplies high yielding modern varieties of rice, the rational farmers do replace narrow genetic base modern varieties for low productive but rich in other trait landraces they have. A few, genetically uniform, such varieties have replaced genetically variable crop landraces (Brush, 1991; Harlan, 1992) . There are many useful traits in landraces that the farmers like. In Nepal, about 53 percent of the farm households continue to grow both modern varieties and landraces simultaneously (Joshi and Bauer, 2006) . The farmers generally grow high yielding modern varieties for sales and landraces for family consumption. The farmers having larger size of the rice land demand different high yielding varieties depending on the traits. Their demand for these types is clearly shaped in part as a derived demand from markets, land and soil heterogeneity and in part by the consumption preferences of their families. There is a need to conserve on-farm rice diversity as part of a strategy to conserve crop, rice genetic resources of diverse characteristics. Growing different rice varieties by the farmers to meet different needs is the development approach 2 of the biodiversity conservation. This approach values, conserves, develops and markets agro-biodiversity to alleviate the extreme poverty (Bardsley and Thomas, 2003) . However, measuring the value of biodiversity is a great challenge. Reid et al. (1993) observed that even the debates on the measurement of biodiversity started in the 1950s and there is no clear consensus about how the value of biodiversity should be measured. Pearce and Moran (1994) examined some aspects of measurement of biodiversity for genetic diversity, species diversity and ecosystem diversity. According to them, the genetic differences can be measured in terms of phenotypic traits, allelic frequencies or dioxy-ribose nucleic acid (DNA) sequences. The measurements of allelic diversity and DNA sequence, however, require high level technical information which is out of the scope of this paper. The study relies on the phenotypic diversity that is based on measures of phenotypes, involving readily measurable practical utility to the consumers and the farmers. For the purpose of the study the consumers of the products are taken as the market for different traits. Consumers while buying rice considers price and its characteristics. The characteristics they search for fall under three catageries. The first is the selection characteristics like colour and shine of the grain, length of the grain and brand name if any. The second is experience characteristics like cooking qualities (expansion in cooking, non-stickyness) and eating qualities (like aroma and taste). The third set is the credence characteristics like percent of protein and quality of starch which are never known to the ordinary consumers. The analysis is based on the selection and experience characteristics of rice landraces. This paper estimates the use values put by communities for rice diversity to demonstrate their importance to policy makers.
METHODOLOGY
Two districts (Kaski from hill and Bara from Terai Nepal) have been selected purposively considering the richness of the rice varietal diversity. Four villages (Lekhnath and Lumle from Kaski district and Kacharba and Maheshpur from Bara district) with high concentration of the landraces 1 and high yielding modern varieties have been identified by a key informant survey (Pant, 2009) . Considering the variations in the study variable, the rice landraces and budget available for the study a sample of 200 households was selected randomly using simple random sampling method without replacement. The pre-tested questionnaire was administered to conduct the survey.
The basic theoretical foundation of the estimation is that the rice consumers pay for different desirable traits of rice as different bundles of the commodity. The capacity of the modern breeding technology that can disaggregate and aggregate different traits in a variety has made this analysis relevant. Empirical estimation of use value of rice genetic diversity is done following hedonic pricing method (HPM) 2 . Early applications of the hedonic pricing methods start from 1920s on farm land characteristics. The first reference of hedonic modeling is found in price differences in fresh vegetables (Waugh, 1928) . The basic foundation for application of hedonic pricing method is the expectation that property prices are an increasing function of the environmental quality given the characteristics of the commodity. This paper analyses that market traits of rice rather than its environment related properties. The theoretical foundation of HPM for integrating characteristics in modeling is further elaborated and formalized by Lancaster (1966) . According to him environmental characteristics like air or water quality affect the price of land either as a producer good or as a consumer good. The hedonic pricing literature on environmental 1 Landraces include farmers' traditional varieties that farmers have produced and maintained themselves, often for many generations, as well as former high yielding varieties that had been bred and were then released more than 15 years and that have since become incorporated into farmers' own seed production (Almekinders and Louwaars 1999; Cleveland and Soleri 2002) . 2 Hedonic pricing method is used to desaggregate the price of a product to different traits the product is having. Here in this paper, the HPM is used for dividing the price paid by the consumers to a kg of rice into its differrent characteristics like aromatic, tasty, suitable for beaten rice and like.
valuation are built upon the input characteristic modeling of the utility maximizing HPM, as originally presented by Griliches (1966) , Lancaster (1966) and as adapted further by Ladd and Savannut (1976) . Ridker (1967) is the first to use this method on environmental goods for estimating marginal value of air quality in residential areas. The equilibrium is achieved when the variation in price reflects the variation in the attributes under the condition of full information. For estimating the use value given by the consumers attributable to major traits of rice varieties, the farmgate price of different landraces and varieties of rice was regressed with tasty trait, aromatic, suitability for bitten rice (flatened rice used for snacks), good for latte and siroula (local dishes for special occasions), medicinal uses, used in ceremony, expansion in cooking, good storage, milling percent, Terai area, and main season crop.
VALUATION OF RICE GENETIC DIVERSITY
The sample farmers of 200 households are growing 78 rice verieties altogether. The relative abundance of these varieties is presented in Table 1 . BG-1442, Basmati, Sona Masuli and Anadhi are the most popular four varieties grown by more than 20 percent of the farmers. Farmers plant each variety separately on different plots or sometimes in the different parts of the same plot. On average, each farmer is growing 4.62 varieties of rice every year.
Owing to the small size of the land holding, each variety on average commands very small area. The precious landraces are unable to compete with other commercially grown modern varieties. These varieties are thriving in the farmers' field only due to their special phenotypic characteristics that are controlled by the respective genes. To protect such genes from extinction, there is a need to understand the value of these genes and make the landraces beneficial to the farmers to stay on the farmers' fields.
The main reasons for very small area under many landraces are that their productivities are low and the prices are not high enough to compensate the lower productivity in comparision to the modern rice varieties (Fig.1) . The average gross revenue 1 from the landraces is Rs 19,904 per hectare as against Rs 26,622 from modern varieties (Annex 1 and 2). It is clear that the gross return from many landraces is about one third of the gross return from other competing modern varieties. The landraces are surviving in the field of the farmers only due to their typical characteristics that modern varieties can not fulfill. It shows that the typical landraces with unique useful genes are finding tough replacement challenge from modern rice varieties to survive in situ. Some more productive rice landraces like Meghdoot and Basmati appear to be able to compete with modern varieties due to their higher prices, but such varieties need good quality land to produce that limit the farmers to expand their areas. Other many varieties that seem to be less competitive are at the verge of extinction.
The policy should either go for ex situ conservation or understand the value of these landraces to the society and find market means of conserving them in situ.
For the purpose of estimating the value, the society puts on different traits of rice varieties, a hedonic pricing model is fitted with the market price of paddy rice 2 . The phenotypic characteristics like tasty to eat, aromatic, good for latte and siroula (local snacks popular in particular occasions), used in ceremony and medicinal properties are preferred by the consumers. It is hypothesized that for each of these preferred traits, consumers pay certain amount. As the price is taken for fresh harvest of paddy rice, the milling percent (recovery of milled rice) is also a concern for the buyer. It is hypothesized that the higher the milling percent the higher the buyer will pay keeping all other traits constant. Geographical area plain (Terai) is fitted to catch the fixed effects of hills and plains. It is also hypothesized that the main season paddy rice fetches higher price than the summer season paddy rice. Though some of the traits appear to be not mutually exclusive, they are used separately as long as there is no risk of multicollinearity. The philosophy behind hedonic pricing model is that nobody pays for a commodity but the people pay for the embedded bundles of utilities of a product. The utilities may or may not be separable. The average price paid by the market to the fresh harvest of paddy rice is Rs 1,034 per quintal ranging from Rs 500 to 2,400. If it is assumed that all the farmers are getting equal market opportunity, the variation in the price is due to the difference in the quality, that is, the bundle of traits. The observation used in the model is the landraces and modern varieties grown in each of the sample households.
For each landrace and modern variety the combination of the traits is different and the price fetched is also different. Thus, the total number of the observations in the sample of 200 households is 932. The results of linear hedonic model fitted over the above data are presented in Table 3 along with the mean value of the variables. The estimates show that the consumers pay Rs 49 per quintal for a tasty trait. This estimated coefficient is 4.76 percent of total price of paddy rice. The estimate is highly significant. It can be inferred that by conserving the landrace with this trait and keeping alive the potential of incorporating this trait to other rice varieties, the potential benefits will come from increasing value of paddy rice production by nearly five percent. Similarly, for the aromatic trait, the consumers are ready to pay nearly Rs 293 per quintal. This is nearly 28 percent of the average price of the paddy rice. If this aromatic trait is lost, the potential financial loss to the society would be 28 percent of the total value of paddy rice produced. This is a huge figure and sufficient to warrant conservation measures. Though the analysis is generalized, there are so many specific traits in the bundle of aromatic rice. Each of such traits is worth conserving. The rice landraces having traits suitable for snacks like latte and siroula can fetch higher price by Rs 107 per quintal. Similarly, the traits suitable for using in ceremonies are valued higher by Rs 131 than other varieties.
The result shows that the higher the milling percent (squared value) the lower the consumers are willing to pay. Though the result is significant it is very small. This can not be explained under the assumptions of rational consumers and full information. This is because the milling percent is experience good that is not known to the buyers at the time of bidding a price. The farmers in plain region are getting higher price of paddy rice for similar quality as compared to the farmers in hill region. This is due to better transportation and communication facilities in plain areas for better market connectivity. The independent variables explain nearly 41 percent variations in the price of paddy rice. 
CONCLUSIONS
The hedonic property valuation analysis apportioned the price paid by the consumers to the value they give to different traits of rice. The study concludes that protecting each of the preferred trait increases the value to the society to a large extent. For instance, the value of the aromatic trait of Basmati or other local landraces can be about one fourth of the value of the paddy rice produced. The aromatic traits of rice have values of about Rs 11 billion and tasty traits over two billion rupees per annum. This estimation of value includes only the use values of the rice that arise from the actual use consisting the direct use value from consumption by the households and option values generated by an individual's willingness to pay to protect the rice landraces for the future use in rice breeding. The gross returns from many landraces are much lower than those from the modern varieties. For both moral and pragmatic reasons, it is essential either to compensate local poor farmers for maintaining low productive rice landraces or make these landraces better income generating than the narrow genetic base modern varieties that are available to them.
